Abstract. Nowadays, studies on investigating radar absorbing structure (RAS) using fiber reinforced polymeric (FRP) composite materials are becoming popular research field because the electromagnetic properties of FRP composites can be tailored eơectively by just adding some electromagnetic powders, such as carbon black, ferrite, carbonyl iron, and etc., to the matrix of composites. The RAS works not only as a load bearing structure to hold the antenna system, but also has the important function of absorbing the in-band electromagnetic wave coming from the electromagnetic energy of tracking systems. In this study, E-glass fiber reinforced ripoxy resin composite was fabricated by blending the conductive carbon black (Ketjenblack EC300J) with the binder matrix of the composite material and maximizing the coefficient of absorption more than 90% (more than -10 dB) within the X-band frequency (8 -12 GHz). It was measured by electrical conductivity (LCR meter) and vector network analyzer (VNA). Finally, the composite RAS with 0.02 weight fraction of carbon black and 4 plies of E-glass fiber showed thickness of 2.1 mm, electrical conductivity of 8.33 × 10 -6 S/m, and maximum reflection loss of -27.123 dB, which can absorb more than 90% of incident EM wave throughout the entire X-band frequency range, has been developed.
INTRODUCTION
Since microwave radars were introduced during the Second World War, they have been the overwhelming threat to aircrafts because they can detect distant airborne targets independent of weather and diurnal variations. Furthermore, over the years, radar technologies have been improved drastically with the use of high-powered large bandwidth transmitters, thereby the developments of the ''Stealth'' technologies for evading radar detection have become more important [1] .
The eơectiveness with which a radar system can detect a target depends primarily on how much of the electromagnetic energy illuminating the target is reflected back to the radar, and this is described by the radar cross section (RCS) of the target [2] . Therefore, in order to maximize the performance of stealth techniques, RCS of objects should be minimized so as to reduce its probability of detection by radar. Several techniques have been suggested for RCS reduction, which are broadly classified into three categories: shaping of the target, radar absorbing materials (RAM) and radar absorbing structures (RAS) [1] .
Among them, RAS are the most promising one since RAS are the structures that have both the functions of load bearing and electromagnetic (EM) energy absorbing capability without interfering with the external profiles set by the aircraft designers [3] . The RAS works not only as a load bearing structure to hold the antenna system, but also has the important function of absorbing the in-band EM wave coming from the EM energy of tracking systems [4] .
Since the EM properties of fiber reinforced polymeric (FRP) composites can be tailored eơectively by just adding some electromagnetic powders, such as carbon black, ferrite, carbonyl iron, and etc., to the matrix of composites, they are plausible materials for fabricating the radar absorbing structure (RAS) of desired load bearing capacity and EM absorption characteristics. Nowadays, studies on investigating RAS using FRP composite materials are becoming popular research field [5] .
In this study, E-glass fiber reinforced ripoxy resin composite was fabricated by blending the conductive carbon black (Ketjenblack EC300J) with the binder matrix of the composite material and maximizing the coefficient of absorption more than 90% (more than -10 dB) within the X-band frequency (8 -12 GHz).
EXPERIMENTAL METHODS
Composite manufacturing process begins with drying E-glass/ripoxy carbon black powder in a drying oven at a temperature of 80 o C for 24 hours. Carbon black powder drying process intended to reduce the moisture content is in black carbon powder.
After the drying process for 24 hours, carbon black powder is then mixed with the resin in accordance with the variation ripoxy weight of each fraction by using a magnetic stirrer 25 o C temperature for 1 hour with a speed of 350 rpm until it becomes homogeneous. Rotation speed magnetic stirrer maintained constant so that the black carbon powder mixed with resin evenly ripoxy (color changes to black). During the mixing process, a glass beaker covered with aluminum foil to use to avoid contact with the surrounding air, thereby reducing the occurrence of void (cavity).
A change of pace on the magnetic stirrer bar magnetic causes experiencing unstable rotation. Solution is then given substance in the form of cobalt napthanate accelerator and catalyst in the form of methyl ethyl ketone peroxide with a ratio of accelerator and catalyst substance in 100 ml of 2.5:0,6 ripoxy resin. Stirring was carried out for 5 minutes to allow the accelerator and catalyst substance mixed evenly with a solution of carbon black powder and resin ripoxy. Addition of accelerator aims to react with a catalyst to produce internal heat to dry or harden the resin catalyst, while aiming to spur the hot reaction with substances accelerator. When mixing the resin with the catalyst, if the composition is not appropriate then the gel time happens to be faster.
The resulting mixture is then poured into a mold that already contains E-glass fiber dimension 15 cm × 15 cm × 4 cm. Prints are already coated with a release agent such as mirror glaze wax that aims to make composites easily detached from the mold.
Composite manufacturing using hand lay-up method in which a solution of a mixture of carbon black powder and resin ripoxy poured into each ply in the mold while holding the brush until the next ply of fiber. In the process of making composites using a thermoset matrix required curing time for thermosetting crosslinking reaction. Curing reaction is exothermic reaction therefore when holding hot resin. Curing reaction takes a long time, therefore the new composite dry after a day of settling.
Once the composite is dry and then removed from the mold and the composite cut with saws so the composite size to 2.25 cm × 1 cm rectangular waveguide dimensions according to the type of WR 90 is 2.25 cm × 1 cm.
The composite thickness were measured using calipers to the nearest 0.05 mm analog and then testing the electrical conductivity by using the LCR meter. Tools used this fact cannot be obtained directly but first conductivity values obtained from the sample resistance values. After getting the value of resistance and then find the value of resistance type (resistivity) of samples using the following equation.
where, R is the resistance expressed in Ohm, ߩ is expressed in Ohm.meter resistivity, L is the thickness of the sample expressed in meters, and A is the crosssectional sample expressed in m 2 . After it obtained electrical conductivity value (V)f the sample using the following equation.
where, ߪis the electrical conductivity expressed in Siemens.meter -1 and is expressed in Ohm.meter resistivity.
Reflection loss of each specimen measured by VNA. Specimens were tested using the X-band frequency range is between 8-12 GHz with size dimensions match the dimensions of the rectangular waveguide type of WR 90 is 2.25 cm × 1 cm which is placed between port 11 and port 22.
RESULTS AND DISCUSSIONS a. Effect of Weight Fraction of Carbon Black to Reflection Loss Of E-Glass/Ripoxy Composite
After E-glass/ripoxy composites with size 2.25 cm × 1 cm thickness measurements formed then on each specimen In specimens with a number of plies of E-glass fiber 4 and 12 plies appear to increase the thickness of the current value of weight fraction of carbon black powder increased from 0.02 to 0.0225 as compared to the specimen with the number of plies of E-glass fiber 8 plies which tends to decrease. Conversely, when the weight fraction of carbon black powder increased from 0.02 to 0.025 in specimen thickness value by the number of plies of E-glass fiber 8 plies specimens increased compared with the number of plies of Eglass fiber 4 and 12 plies.
The difference of composite thickness was caused by manufacturing process. The manufacturing process using hand lay up method. So the thickness of composite cannot be controlled.
Electrical conductivity indicates the ability of the material to conduct an electrical current. Type of material according electrical properties are conductor, semiconductor or insulator. For Radar Absorber Structure application, E -glass fiber composite must have good electrical conductivity as shown in Table 2 . In specimens with a number of plies of E-glass fiber 4 plies visible that with increasing weight fraction of carbon black powder, the value of electrical conductivity also increased compared to the specimen by the number of plies of E-glass fiber 8 and 12 plies. In specimens with a number of plies of E-glass fiber 8 and 12 plies current weight fraction increased from 0.02 to 0.0225 electrical conductivity values decreased but then increased as weight fraction increased from 0.0225 to 0.025.
The cause of the difference in the value of the electrical conductivity of the composite E-glass/ripoxy caused by the amount of weight fraction of carbon black powder used and the deployment of carbon black powder is not homogeneous within the matrix and E-glass fiber. In specimens with a number of plies of E-glass fiber 4, 8, and 12 plies is seen that the maximum value of reflection loss more than -18 dB. This indicates that the absorption coefficient of more than 98% so that it can be used for the application of radar absorbing structure (RAS). Materials that have an efficiency of absorption of more than -10 dB can be used for the application of radar absorbing structure (RAS) [6] .
In specimens with a number of plies of E-glass fiber 4 and 12 plies shows that while the heavy fraction increased from 0.02 to 0.0225 maximum reflection loss has decreased but then increased as weight fraction increased from 0.0225 to 0.025. For the specimen by the number of plies of E-glass fiber 8 plies which are at present weight fraction increased from 0.02 to 0.0225 maximum reflection loss increased but then decreased as weight fraction increased from 0.0225 to 0.025.
b. Effect of Number of Plies of E-Glass Fiber to
Reflection Loss Of E-Glass/Ripoxy Composite In specimens with a weight fraction of carbon black powder 0.02, 0.0225, and 0.025 shows that as the number of plies of E-glass fiber thickness the value of E-glass composite also increased. Lowest thickness values obtained with the specimen weight fraction of carbon black powder thickness of 0.02 while the highest value was found in specimens with carbon black powder weight fraction 0.0225.
The difference in thickness values obtained in the composite E-glass/ripoxy force caused by giving emphasis on the different brushes when pouring a solution of a mixture of carbon black powder and resin ripoxy with E-glass fiber that is in the mold so that the thickness cannot be controlled. In specimens with a weight fraction of carbon black powder 0.02 and 0.0225 is seen that as the number of plies of E-glass fiber increased from 4 to 8, the value of electrical conductivity decreased but then increased as the number of plies of E-glass fiber increased from 8 to 12. In specimens with a weight fraction of carbon black powder 0.025 shows that as the number of plies of E-glass fiber, the value of electrical conductivity of composite E-glass/ripoxy decline. Lowest electrical conductivity values obtained with the specimen weight fraction of carbon black powder 0.0225 while the highest electrical conductivity values obtained in specimens with carbon black powder weight fraction 0.025.
The difference in electrical conductivity values obtained in the composite E-glass/ripoxy caused by the amount of weight fraction of carbon black powder used and the deployment of carbon black powder is not homogeneous within the matrix and E-glass fiber. In specimens with a weight fraction of carbon black powder 0.02 and 0.025 shows that as the number of plies of E-glass fiber increased from 4 to 8 then the maximum value of reflection loss has decreased but then increased as the number of plies of E-glass fiber increased from 8 to 12. The maximum value of reflection loss was found in the specimen with the lowest weight fraction of carbon black powder 0.0225 while the maximum value of reflection loss was found in the specimen with the highest weight fraction of carbon black powder 0.02.
CONCLUSIONS
1. Increasing the maximum reflection loss occurs in the composite E-glass/ripoxy by the number of plies of E-glass fiber 4 plies and 12 plies at weight fraction of carbon black powder increased from 0.0225 to 0.025 and 8 plies current weight fraction of carbon black powder increased from 0.02 to 0.0225. 2. Increasing the maximum reflection loss occurs in the composite E-glass/ripoxy the weight fraction of carbon black powder 0.02 and 0.025 when the number of plies of E-glass fiber increased from 8 plies to 12 plies and 0.0225 when the number of plies of E-glass fiber increased from 4 plies to 8 plies. 3 . Best specimens to be applied as a radar absorbing structure (RAS) is a composite E-glass/ripoxy by the number of plies of E-glass fiber 4 plies and weight fraction carbon black powder of 0.02 at 2.1 mm thickness, electrical conductivity of 8.33 × 10 -6 S/m, and the maximum reflection loss of -27.123 dB.
